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3. Tnis  paper  i s  a 
b r i c f  resume' of  t h e  pre l iminary  r e s u l t s  ob ta ined  from an 
i n v e s t i g a t i o n  r e c e n t l y  conducted a t  a Mach number o f  20 i n  
helium flow t o  determine the  e f f e c t s  of lead ing  edge b l u n t i n g  
and sweep angle  on t h e  s ta t ic  long i tud ina l  s t a b i l i t y  charac- 
t e r i s t ics  o f  b a s i c  d e l t a  planforms, with p a r t i c u l a r  emphasis 
on maximum l i f t - d r a g  r a t i o .  For t h e  purpose of  b r e v i t y  only 
summary p l o t s  are presented.  
The experimental  r e s u l t s  were obta ined  i n  t h e  Langley 
22-inch helium tunnel  u t i l i z i n g  a contoured nozz le  t o  ob ta in  
a un i fo rn  f r e e  s t r e a n  bhch number of  2 0 . 3  . Stagnat ion  
temperature  f o r  t he  tes ts  was approximately SOOF. 
number, based on chord length,  ranged from 1.5 t o  10 t o  
5.5 X lo6,  b u t  f o r  wings having th i ckness  r a t i o s  less than 
-034, a cons tan t  Reynolds numbc? of  3.7  X lo6  was maintained 
i n  o rde r  t o  minimize any poss ib l e  Reynolds nunber effects.  
A wing having a th i ckness  r a t i o  of 0.01 and sweep angle  of  
80' was t e s t e d  a t  Reynolds number of  both 3 .7  X 106 and 
6.6 X l o 6  and t h i s  d i f f e rence  i n  Reynolds number y i e lded  
1 
Reynolds 
6 
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no  apprec iab led i f f e rence  i n  L/D,. 
t o  a 0' t o  30° range, and wind t u n n e l  blockage, caused by 
t h e  r e l a t i v e l y  l a r g e  size of  some of  t h e  models, d i d  n o t  
p e r n i t  a l l  models t o  reach 30' angle  of  a t t ack .  The models 
used i n  t h e  p r e s e n t  i n v e s t i g a t i o n  were hemispher ica l ly  and 
hemiscy l ind r i ca l ly  b lun ted  d e l t a  planforms and t h e  r a t i o  
of l ead ing  edge diameter  - to  body length  v a r i e d  from 0 t o  0.3. 
The sweep angles  considered were 45', 6 0 ° ,  70°, 80° ,  8 5 O  
and 90'. 
used i s  shown i n  f i g u r e  l ( a )  and t h e  accompanying t a b l e  
i n d i c a t e s  t h e  p e r t i n e n t  dimensions , i nc lud ing  t h e  presence  
of a ba lance  housing body, which became necessary  on t h e  
more s l e n d e r  configurat ions.  Figure l ( b )  con ta ins  a s k e t c h  
o f  t h e  models used t o  s imula te  zero  leading  edge th i ckness ,  
and t h e  ba lance  housing body a s s o c i a t e d  wi th  t h e  models. 
o r d e r  eo shed some l i g h t  on t h e  effect  of t h e  presence  of t h e  
ba lance  housing bodies ,  the wing wi th  a 80' sweep angle  and 
th i ckness  r a t i o  of  0.01 was t e s t e d  us ing  t h e  ba lance  housing 
body from t h e  wings shown i n  f i g u r e  l ( h )  . 
body was loca ted  0.3 inches from the  base of t h e  wing. 
Angle o f  a t t a c k  was l i m i t e d  
A ske tch  o f  the bas i c  d e l t a  planform models 
In  
The base  of t h i s  
The maximc. l i f t - d r a g  r a t i o s  obta ined  i n  t h e  inves t iga -  
t i n n  are shown i n  f i g u r e  2 as a func t ion  o f  t h i ckness  r a t i o ,  
t h e  f lagged  symbols denoting wings which had balance housing 
bodies .  As prev ious ly  mentioned, t h e  wing having an 80" 
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sweep angle  and th i ckness  r a t i o  o f  0.01 was t e s t e d  with 
t h e  snaller balance housing body shown i n  f i g u r e  l ( a )  ( t h e  
smaller body had about 18% as much volume as t h e  l a r g e  ba lance  
housing body), and t h i s  r e s u l t e d  i n  only a 3% i nc rease  i n  
L/Dma,, which i s  be l i eved  t o  b e  well wi th in  t h e  accuracy of 
t h e  da ta .  
r a t i o  t h a t  occurs  when th i ckness  r a t i o  decreases .  For 
t h e  more s l e n d e r  wings, t h e  models with 80" sweep angles  
obta ined  t h e  h i g h e r  va lues  o f  L/Dmzx f o r  a p a r t i c u l a r  
t h i ckness  r a t i o .  
t a i n e d  from f i g u r e  3, which i n d i c a t e s  t h a t  as th i ckness  r a t i o  
inc reased  from a va luc  of zero t h e  optimum sweep angle  f o r  
maxmimwn l i f t - d r a g  r a t i o  decreased from an angle  of S O o  o r  
s l i g ' n t ly  larger, t o  70" o r  less f o r  t h e  more b l u n t  shapes 
t e s t e d .  
suggcs ts  t h a t  as sweep decreases  froa 90°, t h e  inc reased  l i f t -  
ing s u r f a c e  more than o f f s e t s  t h e  inc rease  i n  drag i n i t i a l l y ;  
while  a t  sweep angles  less than  optii:ium t h e  converse i s  t r u e .  
Unfortunately,  tne angle  of a t t a c k  range d i d  no t  penn i t  many o f  
t h e  more b l u n t  wings t o  obtain a maximum l i f t - d r a g  r a t i o  and t h e  
optimum sweep angle  f o r  t h e  more b l u n t  bodies  could n o t  be 
d e f i n i t e l y  a sce r t a ined .  Newtonian theo ry ,  which i s  shown 
as cz l cu lz t ed ,  neg lec t ing  viscous effects, f o r  wings without  
bodies* , is  seen i n  f i g u r e  2 t o  g ive  good p r e d i c t i o n  
Note t h e  nea r  exponent ia l  i nc rease  i n  l i f t - d r a g  
Optimum sweep angle  i s  more r e a d i l y  ob- 
The peak i n  L/Dmax f o r  each cons tan t  b luntness  curve 
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of  maxinuni l i f t - d r a g  r a t i o  f o r  t h e  t h i c k e s t  wings 
and i s  u s e f u l  i n  determining t h e  optimum sweep angle  f o r  
t h e s e  wings ( * s o l i d  symbols on f i g u r e  3 ) .  
was found t o  vary l i i l ea r ly  o r  n e a r  l i n e a r l y  cLCr 
wi th  th i ckness  r a t i o  as shown i n  f i g u r e  4. As sweep angle  
increased ,  C L ~  was seen t o  decrease, a t r e n d  p rev ious ly  obta ined  
on s l e n d e r  wings a t  lower' hypersonic speeds . 3 Because t h e  pre-  
sence of ba lance  housing bodies would tend t o  in t roduce  nega t ive  
l i f t  a t  and nea r  zero degrees angle  of a t t a c k ,  t he  only va lues  of 
C L ~  p re sen ted  are those  f o r  wings ishich had no balance housing 
bodies ,  which were t h e  nore b l u n t  wings. L'ithin t h e  l i m i t a t i o n  
of t h e  d a t a  i n  f i g u r e  4, values  of  C L ~  f o r  a r b i t r a r y  combination 
o f  t h i ckness  r a t i o  and sweep angle  may e a s i l y  be  i n t e r p o l a t e d .  . 
* As a p o i n t  .of i n t e r e s t ,  Newtonian theo ry  i n  a modified 
forin, was used, applying a s t agna t ion  p res su re  c o e f f i c i e n t  
c y l i n d r i c a l  l ead ing  edge s e c t i o n  and t h e  s p h e r i c a l  s e p e n t  
gamna nose s e c t i o n s  and applying (y  + 1) t o  t h e  f l a t  p l a t e  p o r t i o n  
. I  
of t h e  wings, b u t  it was found t h a t  c lass ica l  Newtonian 
theo ry  (Cpmax = 2) genera l ly  gave b e t t e r  p r e d i c t i o n s  of 
a l l  fo rces  and moments. 
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O f  primary concern, o f  course,  i s  t h e  marked effect  
of cven small degrees of leading edge b lun t ing  on L/D,,,. 
I t  i s  clear then  t h a t  t h e  achievement of h igh  L/D,,,, dur ing  
r e -en t ry  (of  as  much as 4 o r  more, say)  f o r  p r a c t i c a l  
conf igu ra t ions  w i l l  r equ i r e  t h e  a p p l i c a t i o n  o f  nuch e f f o r t  
and ingenu i ty  on t h e  p a r t  o f  des igners .  
REFERENCES 
1. Arrington, J. P. , Jo ine r ,  R. C., Jr. and Henderson, A., 
Jr. : Longitudinal  C h a r a c t e r i s t i c s  o f  Seve ra l  Configura- 
t i o n s  a t  Hypersonic Flach Numbers i n  Conical and Contoured 
Nozzles. NASA TN D-2489, 1964. 
2 .  Olstad,  W. B.: Theore t i ca l  Evaluat ion of Hypersonic ,  
Forces,  Moments and S t a b i l i t y  Der iva t ives  f o r  Combina- 
t i o n s  of Flat  Plates, Inc luding  Effects of  Blunt 
Leading Edges, by Newtonian Impact Theory. NASA 
TN D-1015, 1962. 
3. Bertram, M. H. and McCauley, W .  C. : Invesz i za t ion  of t h e  
Aerodynamic C h a r a c t e r i s t i c s  a t  High Supersonic  Mach 
Numbers of  a Family of Delta Wings Having Double- 
\<edge Sec t ions  with the  Marrixum Thickness a t  0.18 
Chord. NACA Tkl L54G28, 1954. 
FIGURE TITLES 
Figure l(a). - Sketch of wings having balance housing bodies .  
Figure l ( b ) .  - Sketch of wings used t o  s imula te  zero leading-edge rad ius .  
Figure 2 .  - Effect of t h i c k n e s s  r a t i o  on L/Dmax. 
Figure 3. - Optimum sweep angle  gor  L/D,,,. 
F igure 4. - Effect o f  wing sweep a n d  t h i c k n e s s  on C L ~ .  
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